Background: While several studies have reported an inverse relation between IQ and total mortality rates, little is known about the association, if any, between IQ and disease-specific outcomes, particularly cancer.
introduction
In the rapidly evolving field of cognitive epidemiology [1] , a recent systematic review of nine studies found that mental ability (denoted here as IQ) is inversely associated with an increased risk of all-cause mortality in populations followed for up to six decades [2] . Thus, high IQ scores seem to confer protection against premature mortality. This association appears to be strong, consistent across populations and research groups, and independent of early life socioeconomic circumstances [2] . Crucially, in the studies on which this review is based, IQ has been assessed in childhood or early adulthood when scores are unlikely to be influenced by existing morbidities, such as diabetes and hypertension, which can reduce mental ability [3, 4] and, in studies of middle-and older-age adults, potentially generate a spurious inverse IQ-mortality relation [5] .
While evidence for a negative IQ-mortality gradient is therefore growing, the influence, if any, of IQ on chronic diseases, such as cardiovascular disease and cancer, which may generate this association, has been little examined. Observations that low childhood IQ scores are associated with smoking [6] , obesity [7] raised blood pressure/hypertension [8] , alcohol binge drinking [9] and socioeconomic deprivation [10] in adult life provide a strong prima facie case for a relationship between this psychological trait and cardiovascular disease [5] . There is a suggestion that high IQ is associated with reduced coronary heart disease risk, but there appears to be no relation with stroke [11, 12] .
While the relation between low IQ and increased prevalence of some of the afore mentioned risk factors also points to a similar relation with some cancers, another body of evidence indicates the IQ-malignancy relation might, in fact, be positive. Thus, IQ is positively related to both height [13] and the insulinlike growth factor-I system [14, 15] . Given that these factors in turn demonstrate positive associations with elevated rates of selected cancer outcomes-including carcinoma of the colorectum, haematopoietic and prostate [16] [17] -the same pattern of association for IQ and these malignancies would be anticipated.
To the best of our knowledge only three studies have assessed the relation between IQ and cancer. With cancer of all sites combined, IQ reveals null [11, 19] and inverse associations [20] . While there is a suggestion of an inverse relation of IQ with both stomach and lung cancer [20] , these analyses, and those featuring total cancers, are hampered by a low number of cases. By utilising data arising from a cohort of over one million Swedish men who had their IQ assessed during medical examination at military conscription in early adulthood and were linked to cancer registers, we are able to address this paucity of evidence and methodological weaknesses by examining the association between IQ and cancer risk in a dataset several orders of magnitude larger than previously utilised.
methods study participants and record linkage
The study cohort comprised all nonadopted men born in Sweden from 1952 to 1976 for whom both biological parents could be identified in the Multi-Generation Register (MGR). Using unique personal identification numbers we were able to link these men to the Military Service Conscription Register (MSCR), the Cancer Register, the Cause of Death Register, Population and Housing Censuses records (1960, 1970 and 1990) and to the Register of Education (2000) . This resulted in 1 346 545 successful matches. Study approval was obtained from the Ethics Committee, Stockholm.
conscription examination
The Swedish military service conscription examination involves a full medical assessment in which physical health, mental status and cognitive function (IQ) are ascertained. During the years covered by this study, this examination was required by law; only men of foreign citizenship or those with a severe medical condition or disability are excused. The present dataset covers examinations from 1st January 1970 to 31st September 1994, after which a modified IQ protocol was introduced at various stages according to the conscription centre.
During the conscription examination, IQ was measured by four subtests representing logical, spatial, verbal and technical abilities [21] . All test scores-including a global IQ score derived from a summation of the four subtests results-were standardised to give a Gaussian distributed score between one and nine. Higher values indicate greater intellectual capacity. Due to military secrecy, a detailed description of the tests is not available to persons outside the conscription board, however, the subtests can be described in general terms. The logical test measures the capacity to understand written instructions and apply them to solving a problem. Items from the spatial test depict a plan drawing of an object in its preassembled, two-dimensional state. Respondents were required to identify, from a series of drawings of fully assembled, three-dimensional objects, which it represented. The verbal test measures the knowledge of synonyms. The subject was required to determine which out of four alternatives is the synonym of a given word. The technical test measures knowledge of chemistry and physics, so implying a component of general knowledge. All tests are presented in succession in the form of written questionnaires. Further variables extracted from the conscription exam and used in the present analyses were conscription centre (six offices), height and weight. The latter two variables were measured directly using standard protocols from which an index of adiposity, body mass index (BMI) (weight/height 2 ), was computed.
socioeconomic variables
The We examined the proportional hazards assumption graphically for IQ in relation to all cancers combined and found no evidence for violation. We therefore used a series of Cox proportional hazards models [23] to assess the influence of global IQ on cancer incidence (registration or death). In these analyses we adjust for a range of confounding or mediating variables as follows. In view of the well-documented secular increases in IQ [24] , and the wide range of birth years (24 years) in the present analyses, we controlled for birth year. IQ has also been shown to be related to both height (a marker of early life socioeconomic position) [8] and BMI (an indicator of adiposity) [8] , and both are related to cancer risk [17, 18, 25, 26] . Height (a confounder) and BMI (a mediator) were therefore also added to the multivariable model. Given that it is plausible that the IQ testing protocol could have varied by conscript testing centre we also included this factor as a potential confounder. Hazards ratios with accompanying 95% confidence intervals (CIs) were computed that were initially adjusted for age (in using age as the time axis, we controlled for it), then parental social class, subjects' own educational level, and, finally, all covariates described above. In keeping with previous analyses [27] , we categorised global IQ data into three groups ('low' = 1-3, 'medium' = 4-6, 'high' = 7-9) and tested for a linear trend in cancer risk across the IQ groups. In addition to the computations of effect estimates across the IQ categories, we also calculated hazards ratios per standard deviation (SD) (1.93 IQ units) increase in IQ score. The follow-up period began at the date of conscription. Men were censored at the time of death from causes other than cancer, emigration, or 31 December 2001, whichever came first. It is plausible that the occurrence of cancer before IQ assessment, whether clinical or subclinical, may lead to poor test performance, either because of medical treatment (e.g. radiation therapy of the central nervous system), the comorbidity itself, or possibly owing to the low mood or social withdrawal it may precipitate. To address the issue of reverse causality due to clinically frank cancer, as described, we excluded from our analyses persons who had a cancer episode before the conscription test (N = 1041). To examine the issue of reverse causality due to subclinical cancer, we dropped men with a cancer registration or cancer death within the first 5 years of follow-up after the conscription examination (N = 760) and repeated the above analyses. In doing so we reasoned that cancer, if hidden at study induction, would have become clinically apparent within this 5-year period. All analyses were computed using STATA version 8.1 computer software [28] .
results
We examined the relationships between IQ and each of the study covariates (Table 2 ). In general, the most favourable level of each characteristic was evident in the higher scoring IQ groups. Thus, in comparison to their lower scoring counterparts, higher IQ-scoring men were slightly leaner and markedly taller; they were also less likely to have a parent in an unskilled occupation and basic educational credentials themselves. The average age at conscription examination was marginally higher in the higher IQ-scoring groups. Unsurprisingly, the highest correlation coefficient was for the relationship between IQ and education.
In Tables 3, 4 and 5, we report on the relation between IQ and subsequent cancer risk. During a mean of 19.5 years of follow-up (range 0.01-32.9), there were 10 273 cancer events. In age-adjusted analyses, there was a weak, positive association between IQ and all cancers combined (P for linear trend across IQ groups = 0.01; Table 3 ). This gradient was attenuated markedly when the two indicators of socioeconomic position (paternal occupational social class and subjects' educational level) were added separately to the multivariable models. After control for all study covariates, there was no evidence of an IQ-total cancer relation (HR per one SD advantage in IQ ; 95% CI 1.01; 0.98, 1.03).
In some analyses there was a suggestion of a weak, inverse relation of IQ with cancer of the stomach and oesophagus, and a similarly modest positive relation with lung malignancy. None of these gradients, however, achieved statistical significance at conventional levels.
In Table 4 , high IQ scores were associated with an elevated risk of carcinoma of the skin (1.18; 1.13, 1.24). In keeping with most other analyses, adjustment for markers of socioeconomic position led to a weakening of this gradient but a significant effect remained. We also examined the relation between IQ and type of skin cancer (data not tabulated). The age-adjusted associations between IQ and melanoma (1.19; 1.13, 1.25; N = 1617 cases) and other forms of skin malignancy (1.18; 1.07, 1.29; N = 460 cases) were the same, matching those for all skin cancers combined (1.18; 1.13, 1.24; Table 4 ). Finally, we also explored if there was any effect modification in this relationship according to area of residence of the study participant at conscription (coded into: principal city or suburb thereof; large city or industrial region; or rural area), or duration of follow-up (coded into: 10 year-bands). In each case there was no suggestion of interaction (P value for both ‡0.41).
In age-adjusted analyses, there was an indication of a negative relationship between IQ and liver malignancy (P value for trend across IQ categories = 0.08) that generally held when other covariates were added to the multivariable model. While IQ did not reveal an association with incident testicular cancer, there was some evidence of an inverse relation with other malignancies of the genitals (Table 5 ). The apparent significant influence of IQ on kidney cancer (0.83; 0.70, 0.96) was lost when adjustment was made for educational attainment (0.81; 0.61, 1.08). Although there was some evidence of a positive gradient for IQ in relation to 'other and unspecified cancers', IQ was essentially unrelated to the remaining cancer sites examined (Tables 2-5 ). When we excluded men who developed cancer in the first 5 years of follow-up and repeated the above described analyses, the association between IQ and each malignancy was essentially the same.
Given the relation of smoking with both certain cancers [29] and IQ [6, 8] , the former is a candidate confounder in the present analyses. For a subgroup of men (N = 45 710) in the study population, data on smoking habits were collected. Adjustment for this behaviour had essentially no impact on the null relation between IQ and all cancers combined (N = 828 cases). There were too few site-specific cancers to facilitate further analyses. In the present study of almost one million men who were well characterised for IQ, socioeconomic position and cancer, we examined the relation of IQ to 21 separate cancer outcomes (20 of which were noninclusive). In general, there was limited evidence of a link between IQ and these malignancies. One exception was the IQ-skin cancer relationship where increased rates of this neoplasm were evident in the higher IQ-scoring men. In Sweden, and elsewhere, elevated rates of this skin cancer have also been reported in the socioeconomically advantaged relative to the less affluent [30] , and in the highly educated relative to persons with basic credentials [31] . Consistent with these results, controlling for markers of socioeconomic circumstances across the life course in the present analyses-parental social class and subjects' own height and educational attainment-led to some attenuation of the IQ-skin cancer gradient but a significant effect remained. It is plausible that adjustment for other indicators of comparison with other IQ-cancer studies
As indicated, to our knowledge, the link between early life IQ and the category of all cancers combined has been explored in only three studies all of which are at least one order of magnitude smaller in size than the present cohort. Findings are mixed, with null [19, 32] and inverse gradients [20] reported.
In the present study, we found evidence of a modest positive relation between IQ in early adulthood and all malignancies combined that was eliminated following adjustment for markers of socioeconomic position. An inverse IQ-cancer gradient has been reported for neoplasm of the lung in two Scottish studies [11, 20] . We found no such evidence of an effect herein; indeed, if anything, the IQ-lung cancer gradient was positive. We did, however, find some support for lower rates of stomach cancer amongst higher IQ-scoring persons as reported elsewhere [11] . 
validity of the IQ tests
The IQ tests utilised in Swedish conscription examinations are not part of a recognised battery [21] , and we are not aware of any studies specifically assessing their validity. Findings from the present analyses, however, provide some insight in this regard. First, despite the materials used being dissimilar, intercorrelation coefficients for subtest scores were high-a common observation in psychometric studies. Secondly, in keeping with other studies, IQ scores were associated with educational level [10] , socioeconomic background of the family [33, 34] , BMI [7] and height [35] in the expected directions (Table 2) . Thirdly, relative to their lower IQ-scoring peers, men in the highest IQ band were also more likely to emigrate (hazard ratio; 95% CI 4.00; 3.85, 4.17); again, an observation made elsewhere [36] . Finally, a series of recent studies have shown an inverse relation between IQ and all-cause mortality [37, 38] . This finding has been replicated in the present cohort [27] . On the basis of these observations, therefore, IQ in the present study would appear to have a degree of concurrent and predictive validity. Considerations to be made when scrutinising findings from observational studies include statistical chance, reverse causality, confounding and selection bias. Given that we related IQ scores to a total of 21 cancer outcomes-necessarily conducting a high number of statistical tests in the process-some of the effects we observed could have arisen by chance alone (e.g., for IQ and skin cancer). In the present study, we were careful to address the issue of reverse causality by excluding persons with known cancer from all our analyses, and dropping men who developed the condition in the early years of follow-up. Given its relation with both IQ [33, 34] and mortality risk [38] , socioeconomic position in early life is most frequently posited as an important confounder in the IQ-mortality link [5] . In the present study, we took account of differences across IQ scores according to socioeconomic position by adjusting for the socio-economic position of both parents of the study participant. Selection bias would occur in the present study if the IQcancer gradients differed markedly between persons included in the analyses and those excluded. In the present study, approximately one quarter of the original study sample was dropped for a variety of reasons, including pre-existing cancer and missing covariate data. We compared the characteristics of these men with those who were retained (Table 6 ). Owing to the large sample size, these differences invariably attained statistical significance although absolute values were not always large. There was a higher proportion of persons in the lower IQscoring group in the analytical sample although, surprisingly, this was not reflected in a difference in educational level. The risk of cancer was lower in the analytical group, possibly because pre-existing cancer at study induction (conscript examination) was a criterion for exclusion. For selection bias to be a major problem in the present study, however, the IQ-cancer gradients we have reported would have to be in opposing directions in persons omitted from the analyses. There were sufficient cancer cases in persons excluded from analyses to allow an examination of the relation between IQ and all cancer combined in this group. The age-adjusted point estimate (HR per SD increase in IQ ; 95% CI 1.02; 0.97, 1.08) was essentially the same as that seen in the analytical sample (1.02; 1.01, 1.03; Table 3 ). The CIs, however, were wider (owing to a lower number of cases) and crossed unity. These findings therefore provide no strong support for selection bias.
In conclusion, in this large cohort of Swedish men followed into middle age, IQ was related to very few of the cancer outcomes under investigation. This indicates that the recent observation that low IQ is related to increased mortality rates by middle age may not be generated by an IQ-cancer gradient. Given that the present analyses are among the first to examine these associations, replication is required. In particular, studies of IQ in relation to cancer in women, which could not be examined in the present study, are needed. 
